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We report a measurement of the inclusive charmless semileptonic branching fraction of B
mesons in a sample of 89 million BB events recorded with the BABAR detector at the Υ (4S)
resonance. Events are selected by fully reconstructing the decay of one B meson and identi-
fying a charged lepton from the decay of the other B meson. The number of signal events
is extracted from the hadronic mass distribution and is used to determine the ratio of branch-
ing fractions B(B → Xuℓν¯)/B(B → Xℓν¯) = (2.06 ± 0.25(stat) ± 0.23(syst) ± 0.36(theo)) × 10
−2.
4Using the measured branching fraction for inclusive semileptonic B decays, we find B(B →
Xuℓν¯) = (2.24 ± 0.27(stat) ± 0.26(syst) ± 0.39(theo)) × 10
−3 and derive the CKM matrix element
|Vub| = (4.62± 0.28(stat)± 0.27(syst)± 0.48(theo)) × 10
−3.
PACS numbers: 12.15.Hh, 11.30.Er, 13.25.Hw
The element |Vub| of the Cabibbo-Kobayashi-Maskawa
quark-mixing matrix [1] plays a critical role in testing the
consistency of the Standard Model description of CP vio-
lation. In this paper, we present a determination of |Vub|
from a measurement of inclusive charmless semileptonic
decays B → Xuℓν¯ [2]. The analysis uses Υ (4S) → BB
events in which one of the B meson decays hadronically
and is fully reconstructed (Breco) and the semileptonic
decay of the recoiling B meson is identified by the pres-
ence of an electron or muon. While this approach results
in a low overall event selection efficiency, it allows for the
determination of the momentum, charge, and flavor of
the B mesons. We use the invariant mass mX of the
hadronic system to separate B → Xuℓν¯ decays from the
dominant B → Xcℓν¯ background, which clusters above
the D meson mass [3]. By ensuring a higher signal pu-
rity and acceptance than previously achieved [4], and by
measuring the fraction of charmless semileptonic decays
Ru = B(B → Xuℓν¯)/B(B → Xℓν¯), this analysis leads to
substantially smaller systematic uncertainties [5].
The measurement presented here is based on a sam-
ple of about 89 million BB pairs collected near the
Υ (4S) resonance by the BABAR detector [6] at the PEP-
II asymmetric-energy e+e− storage ring operating at
SLAC.
We use Monte Carlo (MC) simulations of the BABAR
detector based on GEANT [7] to optimize selection crite-
ria and to determine signal efficiencies and background
distributions. Charmless semileptonic B → Xuℓν¯ de-
cays are simulated as a combination (see Fig. 1a) of res-
onant three-body decays (Xu = π, η, ρ, ω, . . .) [8] and
decays to nonresonant hadronic final states Xu [9], for
which the hadronization is performed by Jetset [10].
The motion of the b quark inside the B meson is imple-
mented with the shape function parametrization given
in Ref. [9]. The simulation of the B → Xcℓν¯ back-
ground uses an HQET parametrization of form factors for
B → D∗ℓν [11], and models for B → Dπℓν,D∗πℓν [12],
and B → Dℓν,D∗∗ℓν [8].
To reconstruct a large sample of B mesons, hadronic
decays Breco → DY ±,D∗Y ± are selected. Here, the
system Y ± consists of hadrons with a total charge of
±1, composed of n1π± n2K± n3K0S n4π0, where n1 +
n2 ≤ 5, n3 ≤ 2, and n4 ≤ 2. We reconstruct
D∗− → D0π−; D∗0 → D0π0,D0γ; D− → K+π−π−,
K+π−π−π0, K0
S
π−, K0
S
π−π0, K0
S
π−π−π+; and D0 →
K+π−, K+π−π0, K+π−π−π+, K0
S
π+π−. The kine-
matic consistency of Breco candidates is checked with
two variables, the beam energy-substituted mass mES =√
s/4− ~p 2B and the energy difference ∆E = EB −
√
s/2.
Here
√
s is the total energy in the Υ (4S) center of mass
frame, and ~pB and EB denote the momentum and energy
of the Breco candidate in the same frame. We require
∆E = 0 within three standard deviations as measured
for each mode.
For each of the 1097 reconstructed B decay modes, the
purity P is estimated as the fraction of signal events with
mES > 5.27GeV/c
2. We only use events for which P ex-
ceeds a decay mode dependent threshold in the range of
9% to 24%. In events with more than one reconstructed
B decay, we select the decay mode with the highest pu-
rity. On average, we reconstruct one B candidate in 0.3%
(0.5%) of the B0B0 (B+B−) events. The purity for events
with a high-momentum lepton is 67% (see Fig. 2a).
Semileptonic decays B → Xℓν¯ of the B recoiling
against the Breco candidate are identified by an electron
or muon with a minimum momentum of p∗ > 1GeV/c
in the B rest frame. For charged Breco candidates, we
require the charge of the lepton to be consistent with a
prompt semileptonic B decay. For neutral Breco candi-
dates, both charge-flavor combinations are retained and
the known average B0-B0 mixing rate is used to extract
the prompt lepton yield. Electrons are identified [13]
with 92% average efficiency and a hadron misidentifi-
cation rate ranging between 0.05% and 0.1%. Muons
are identified [6] with an efficiency ranging between 60%
(p∗ > 1GeV/c) and 75% (p∗ > 2GeV/c) and hadron
misidentification rate between 1% and 3%. Efficiencies
and misidentification rates are estimated from data con-
trol samples.
The hadronic system X in the decay B → Xℓν¯ is
reconstructed from charged tracks and energy deposi-
tions in the calorimeter that are not associated with the
Breco candidate or the identified lepton. Care is taken
to eliminate fake charged tracks, as well as low-energy
beam-generated photons and energy depositions in the
calorimeter from charged and neutral hadrons. The neu-
trino four-momentum pν is estimated from the missing
momentum four-vector pmiss = pY (4S)−pBreco−pX−pℓ,
where all momenta are measured in the laboratory frame
and pY (4S) refers to the Υ (4S) meson. The mass of the
hadronic system is determined by a kinematic fit that im-
poses four-momentum conservation, the equality of the
masses of the two B mesons, and forces p2ν = 0. The
resulting mX resolution is 350 MeV/c
2 on average.
To select B → Xuℓν¯ candidates we require exactly
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FIG. 1: Signal MC mX distributions with the requirement of
a lepton with p∗ > 1GeV/c: a) generated mX distributions
for the two components of the signal model, and b) measured
mX distribution before and after all other requirements.
one charged lepton with p∗ > 1GeV/c, charge conser-
vation (QX + Qℓ + QBreco = 0), and a missing mass
consistent with zero (m2miss < 0.5GeV
2/c4). These cri-
teria suppress the dominant B → Xcℓν¯ decays, many
of which contain additional neutrinos or an undetected
K0
L
meson. We suppress the B0 → D∗+ℓ−ν background
by reconstructing the π+s from the D
∗+ → D0π+s de-
cay and the lepton: since the momentum of the π+s is
almost collinear with the D∗+ momentum in the labora-
tory frame, we can approximate the energy of the D∗+
as ED∗+ ≃ mD∗+ · Eπs/145MeV/c2 and require for the
neutrinom2ν = (pB−pD∗+−pℓ)2 < −3GeV2/c4. We veto
events with charged or neutral kaons in the recoil B to
reduce the background from B → Xcℓν¯ decays. Charged
kaons are identified [6] with an efficiency varying between
60% at the highest and almost 100% at the lowest mo-
menta. The pion misidentification rate is about 2%. The
K0
S
→ π+π− decays are reconstructed with an efficiency
of 80% from pairs of oppositely charged tracks with an
invariant mass between 486 and 510 MeV/c2. The impact
of the event selection on themX distribution is illustrated
in Fig. 1b.
We determine Ru from Nu, the observed number of
B → Xuℓν¯ candidates with mX < 1.55GeV/c2, and Nsl,
the number of events with at least one charged lepton:
Ru =
B(B → Xuℓν¯)
B(B → Xℓν¯) =
Nu/(ε
u
selε
u
mX )
Nsl
× ε
sl
l ε
sl
reco
εul ε
u
reco
.
Here εusel = (34.2 ± 0.6)% is the efficiency for selecting
B → Xuℓν¯ decays once a B → Xℓν¯ candidate has been
identified, εumX = (73.3 ± 0.9)% is the fraction of signal
events with mX < 1.55GeV/c
2, εsll /ε
u
l = 0.887 ± 0.008
corrects for the difference in the efficiency of the lepton
momentum cut for B → Xℓν¯ and B → Xuℓν¯ decays, and
εslreco/ε
u
reco = 1.00±0.03 accounts for a possible efficiency
difference in the Breco reconstruction in events with B →
Xℓν¯ and B → Xuℓν¯ decays.
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FIG. 2: Fit to the mES distributions for a) the sample with a
p∗ > 1GeV/c lepton and b) the sample after all requirements
and with mX < 1.55GeV/c
2. The arrow indicates the lower
limit of the signal region.
We derive Nsl from a fit to the mES distribution shown
in Fig. 2a. The fit uses an empirical description [14] of
the combinatorial background from continuum and BB
events, together with a narrow signal [15] peaked at the
B meson mass. The small tail accounts for energy losses
in the reconstruction of π0 mesons. The residual back-
ground in Nsl from misidentified leptons and semilep-
tonic charm decays amounts to 6.8% and is subtracted.
We extract Nu from the mX distribution by a mini-
mum χ2 fit to the sum of three contributions: the sig-
nal, the background Nc from B → Xcℓν¯, and a back-
ground of < 1% from other sources (misidentified lep-
tons, secondary τ and charm decays). In each bin of the
mX distribution, the combinatorial Breco background for
mES > 5.27 is subtracted on the basis of a fit to the mES
distribution (Fig. 2b). Fig. 3a shows the fitted mX distri-
bution. To minimize the model dependence, the first bin
is extended to mX < 1.55GeV/c
2. The fit reproduces the
data well with χ2/dof = 7.6/6. Fig. 3b shows the mX
distribution after background subtraction with finer bin-
ning. Table I summarizes the results of fits with different
requirements onmX , for electrons and muons, for neutral
and charged Breco candidates, and for different ranges of
the Breco purity P . The results are all consistent within
the uncorrelated statistical errors.
We have performed extensive studies to determine the
systematic uncertainties on Ru. To establish that the
background from B → Xcℓν¯ events is adequately simu-
lated we use previously excluded events with charged or
neutral kaons as a control sample. The relative system-
atic error due to uncertainties in the detection of pho-
tons is estimated to be 4.7% by varying the corrections
applied to the MC simulation to match the data control
samples. An additional error of 1.0% is ascribed to the
uncertainty in the simulation of showers generated by K0
L
interactions; it is equal to the shift caused by the removal
of the K0
L
energy depositions in the MC simulation.
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FIG. 3: The mX distribution for B → Xℓν¯ candidates: a)
data (points) and fit components, and b) data and signal MC
after subtraction of the b→ cℓν and the “other” backgrounds.
TABLE I: Fit results for data subsamples.
Sample Nsl Nu Nc Ru(%)
mX < 1.55GeV/c
2 29982 ± 233 175± 21 90 ± 5 2.06± 0.25
mX < 1.40GeV/c
2 29982 ± 233 143± 18 54 ± 3 1.89± 0.24
mX < 1.70GeV/c
2 29982 ± 233 214± 26 145± 9 2.35± 0.28
neutral Breco 10862 ± 133 76± 15 22 ± 3 2.53± 0.50
charged Breco 19080 ± 191 100± 16 67 ± 4 1.82± 0.30
Electrons 17320 ± 173 101± 15 46 ± 3 2.27± 0.34
Muons 12622 ± 157 73± 15 41 ± 4 1.83± 0.37
P > 80% 4187 ± 68 20± 7 12 ± 1 1.68± 0.57
50% < P < 80% 12373 ± 141 68± 13 41 ± 3 1.94± 0.37
P < 50% 13144 ± 170 86± 15 34 ± 3 2.31± 0.41
An error of 1.0% is attributed to the uncertainty in the
track-finding efficiency. The error due to identification
of electrons, muons, and kaons is estimated to be 1.0%,
1.0%, and 2.3%, respectively, by varying identification
efficiency by ±2%, ±3%, and ±2% for e±, µ±, and K±,
and the misidentification rates by ±15% for all particle
types.
The uncertainty in the Breco combinatorial back-
ground subtraction contributes 3.8%. It is estimated by
changing the empirical mES signal function to a Gaus-
sian distribution and by varying the parameters within
one standard deviation of the default values. The limited
statistics of the simulated event samples adds an uncer-
tainty of 4.5%. The choice of bins for mX > 1.55GeV/c
2
impacts the fit result at a level of 1.2%. All the above
mentioned experimental errors add up to 8.7%.
The uncertainties in the background modeling due to
branching fraction measurements for B → Dℓν,D∗ℓν, ...
and for inclusive and exclusive D meson decays [16] con-
tribute 4.4%.
The error due to the hadronization in the B → Xuℓν¯
final state is estimated to be 3.0% by measuring Ru as
a function of the charged and neutral particle multiplic-
ities and performing the fit with only the nonresonant
part of the signal model. We assign an additional 2.8%
error to account for the uncertainties in the inclusive and
exclusive branching fractions for charmless semileptonic
B decays [16], plus 3.7% for the veto on strange par-
ticles. Here, we assume a 100% uncertainty in the ss
contents for the resonant and 30% for the nonresonant
component [17]. These three uncertainties contribute a
combined error of 5.5%.
The efficiencies εusel and ε
u
mX are sensitive to the de-
tailed modeling of the B → Xuℓν¯ decays. We assess these
uncertainties by varying the nonperturbative parameters
in the model [9] within their errors, Λ = 0.48± 0.12GeV
and λ1 = −0.30 ± 0.11GeV2, obtained from the results
in Ref. [18] by removing terms proportional to 1/m3b and
α2s from the relation between the measured observables
and Λ and λ1. Taking into account the correlation of
−0.8 between Λ and λ1, we arrive at a theoretical error
of 17.5%.
In summary, we obtain
Ru = (2.06± 0.25± 0.23± 0.36)× 10−2,
where the errors are statistical, systematic (experimental
plus signal and background modeling), and theoretical,
respectively. Taking into account common errors we com-
pute the double ratio B(B
0→Xuℓν¯)
B(B0→Xℓν¯)
B(B−→Xℓν¯)
B(B−→Xuℓν¯)
= 0.72 ±
0.18(stat) ± 0.19(syst). Combining the ratio Ru with
the measured inclusive semileptonic branching fraction
B(B → Xℓν¯) = (10.87 ± 0.18(stat) ± 0.30(syst))% [13],
we have
B(B → Xuℓν¯) = (2.24± 0.27± 0.26± 0.39)× 10−3.
We combine this result with the average B lifetime of
τB = 1.608± 0.012 ps [16, 19] and obtain [20]
|Vub| = (4.62± 0.28± 0.27± 0.40± 0.26)× 10−3.
The first error is statistical, the second systematic, the
third gives the theoretical uncertainty in the signal effi-
ciency and the extrapolation of Ru to the full mX range,
and the fourth combines the perturbative and nonpertur-
bative uncertainties in the extraction of |Vub| from the
total decay rate.
This result is consistent with previous inclusive mea-
surements [4], but has a smaller systematic error, primar-
ily due to larger phase-space acceptance and much higher
sample purity. In the future, improved understanding of
the signal composition and charm background will signif-
icantly reduce the experimental errors, and this, together
with independent measurements of b→ s transitions and
semileptonic B decays, is expected to constrain the the-
oretical uncertainties.
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